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In t roduct ion  

Half a decade h a s  passed s i n c e  t h e  world economic system s u f f e r e d  t h e  shock 
of a massive increase  i n  o i l  p r i c e s .  In t h e  in te rvening  years  t h e r e  have been many 
Conf l ic t ing  f o r e c a s t s  o f  f u t u r e  energy developments, ranging  from ”no problem” t o  
a l a r m i s t  warnings o f  another ,  even g r e a t e r ,  shock t o  come - a second energy crunch. 
The l a t t e r  v a r i e t y  have tended t o  predominate. The m u l t i p l i c i t y  of f o r e c a s t s  would 
be COnfUSing enough and undoubtedly c o n t r i b u t e  t o  i n d e c i s i o n  and l a c k  of  a c t i o n  by 
t h e  pol icy  makers, bu t  t h e  p i c t u r e  is still  f u r t h e r  obscured by t h e  c u r r e n t  s i t u a t i o n .  
A t  t h e  time of w r i t i n g  (November 19781, o i l  consumption i s  only  j u s t  back where i t  was 
f i v e  y e a r s  ago, energy supply is i n  p o t e n t i a l  s u r p l u s  and t h e  sense of  urgency seems 
t o  be gone. What is t h e  t r u t h ?  Is t h e  second energy crunch,  s o  widely p r e d i c t e d ,  
r e a l  o r  not?  I f  it is, how can t h e  conius ing  messages be r a t i o n a l i z e d  so  t h a t  t h e  
a c t i o n s  necessary t o  amel iora te  i t  can be set i n  motion? 

A Methodology for Coping with Uncer ta in ty  

”Those who f o r e t e l l  t h e  f u t u r e  l i e ,  even i f  they  t e l l  t h e  t r u t h ”  Arab Proverb 

This quote is a p p r o p r i a t e  a t  t h e  beginning of  a d iscuss ion  on t h e  f u t u r e  of 
world energy supply and demand i n  view of  t h e  important  r o l e  which t h e  Middle Eas t  
has  had, and w i l l  cont inue t o  have, i n  shaping t h e  f u t u r e  world energy scene. This  
p a r t i c u l a r  proverb a l s o  makes another  very important  po in t  - t h e  f u t u r e  cannot be 
pred ic ted .  I n  f a c t  t h e r e  a r e  many p o s s i b l e  f u t u r e s  dependent on how events  and 
dec is ions  ye t  t o  be taken a r e  l i n k e d  and i n t e r a c t .  Asser t ions  about the  f u t u r e  i n  
genera l  and about energy developments i n  p a r t i c u l a r  may o r ,  more l i k e l y ,  may not ,  
t u r n  out  t o  be accura te  but i f  we a r e  t o  avoid confusion,  i n d e c i s i o n  and t o o  many 
mistakes,  we need a methodology t o  cope with t h e  u n c e r t a i n t i e s .  

A scenar io  is l o g i c a l l y  coherent ,  f u t u r e  s ta te  o f  t h e  world. It is not  what 
- w i l l  happen but what can happen - a s u b t l e  but  important d i s t i n c t i o n .  We can 
d i s t i n g u i s h ,  and w i l l  be r e f e r r i n g  t o ,  t h r e e  d i s t i n c t  t y p e s  of s c e n a r i o  - t h e  
a rche type ,  the  phantom and t h e  exploratoryl  scenar io  ( s e e  Box 1). 
form a s t a r t i n g  p o i n t ;  they  provide a l t e r n a t i v e  views of t h e  world or of  s p e c i f i c  
i s s u e s  i n  r a t h e r  s t a r k  terms,  i .e .  t h e  f u t u r e  economic framework, o i l  p r i c e  develop- 
ments e t c .  Phantom s c e n a r i o s  a r e  s i m i l a r ,  bu t  they  cons ider  i s s u e s  which have a 
low p r o b a b i l i t y  of  occur r ing  but  a major impact on t h e  f u t u r e  i f  they  do occur. 
Exploratory scenar ios  a r e  r a t h e r  d i f f e r e n t ;  they  combine t h e  v a r i a b l e s  t h a t  emerge 
a s  important  from t h e  e s s e n t i a l  ana lyses  of t h e  a rche type  and phantom scenar io3  t o  
develop r o u t e s  o r  pathways i n t o  t h e  fu ture .  
how t h e  world w i l l  r e a c t  t o  a given s e t  of condi t ions ,  s o  explora tory  scenar ios  tend  
t o  evolve i n t o  second genera t ion  response scenar ios .  

Archetype s c e n a r i o s  

This  involves  making assumptions about 

The scenar ios  have s e v e r a l  func t ions .  Thei r  c o n s t r u c t i o n  i s  a l e a r n i n g  process  
which h e l p s  us t o  understand t h e  p a s t  and t h e  present  and t o  s t r u c t u r e  i n  a r a t i o n a l  
way t h e  u n c e r t a i n t i e s  of t h e  fu ture .  A s  a p o s s i b l e  instrument  of change, they  have 
an important  r o l e  i n  s t r a t e g i c  planning.  By i d e n t i f y i n g  t h e  f e a t u r e s  common t o  a l l  
s c e n a r i o s  - t h e  pre-determined elements  - we provide a hardcore of in iormat ion ,  
some s o l i d  f a c t s  on which w e  can base ou r  p lans .  

The scenar ios  a l s o  provide a r a t i o n a l  framework f o r  d i scuss ion  with o u t s i d e  
We can t h u s  share  
This  is p a r t i c u l a r l y  

o r g a n i s a t i o n s  such as governments, academic i n s t i t u t i o n s  e t c .  
our view of the  world i n  an unemotional and p r o f e s s i o n a l  way. 
important  i n  t h e  i n t e r n a t i o n a l  energy sphere ,  where a s  w e  have mentioned, t h e  
dialogue has  become confused because of  t h e  concent ra t ion  on c o n f l i c t i n g  s i n g l e - l i n e  
forecas ts .  
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cons is tency  and 
l o g i c  t e s t i n g  

I t e r a t i o n s  f o r  
cons is tency  and 
l o g i c  t e s t i n g  

/PHANTOM SCENARIOS 

I EXPLORATORY SCENARIOS RESPONSE SCENARIOS 

ARCHETYPE SCENARIOS - A pure  o r  pro to type  s c e n a r i o  d e s c r i b i n g  important 
s c e n a r i o  a s p e c t s  i n  s t a r k ,  r a t h e r  b lack  and white 
terms. A u s e f u l  analogy comes from psychology 
where t h e  p e r s o n a l i t y  a rche types  " i n t r o v e r t "  and 
"ext rover t"  descr ibe  very few a c t u a l  human beings. 
However, most of  u s  have elements  of  both types 
i n  our  make-up, so an understanding of  t h e  two 
archetype p e r s o n a l i t i e s  is h e l p f u l  i n  ana lys ing  
and hence understanding i n d i v i d u a l  p e r s o n a l i t i e s .  
I n  t h e  same way, t h e  c o n s t r u c t i o n  and a n a l y s i s  of 
archetype s c e n a r i o s  i s  h e l p f u l  i n  understanding 
and prepar ing  f o r  t h e  f u t u r e ,  even though t h a t  
f u t u r e  is most u n l i k e l y  t o  correspond t o  a s ing le  
archetype.  

PHANTOM SCENARIOS - These a r e  D e v i l ' s  Advocate type of  scenar ios .  
They have a low p r o b a b i l i t y  of  occur r ing  but the 
impact on t h e  f u t u r e  i f  they  do come about is 
very high indeed. Thei r  u l t i m a t e  aim is t o  
r e i n f o r c e  t h e  r e s i l i e n c e  of  s t r a t e g i c  planning. 

MPLORATORY SCENARIOS - Exploratory s c e n a r i o s  combine t h e  v a r i a b l e s  t h a t  
emerge a s  important  from t h e  a n a l y s i s  of  Archetype 
and Phantom s c e n a r i o s  t o  develop r o u t e s  or pathways 
i n t o  t h e  fu ture .  This  involves  making assumptions 
about how t h e  world w i l l  r e a c t  t o  a given s e t  of 
condi t ions ,  so explora tory  s c e n a r i o s  tend  t o  evolve 
i n t o  second genera t ion  response scenar ios .  

Archetype Scenar ios  f o r  EnerFy Planning  

Energy is fundamental t o  v i r t u a l l y  every th ing  we do. We need it t o  b u i l d  and 
then  heat  or cool  and i l l u m i n a t e  our houses,  grow our  food, power our t r a n s p o r t  
systems and t o  make a l l  those  c o u n t l e s s  t h i n g s  which we now cons ider  e s s e n t i a l  t o  
our  way of  l i f e .  I n s o f a r  a s  these  al l -embracing f a c t o r s  can be descr ibed  i n  economic 
terms, archetype s c e n a r i o s  can be expressed i n  macro-economic i n d i c a t o r s  such a s  
GNP growth r a t e s ,  bu t  t h i s  is only  t h e  s t a r t i n g  poin t .  Energy supply and a v a i l -  
a b i l i t y  depends on p o l i t i c a l  f a c t o r s ,  i n t e r n a t i o n a l  t r a d e ,  t h e  f u t u r e  c l imate  f o r  
investment e t c .  Demand is governed, not  on ly  by economics, but  a l s o  by s o c i e t y ' s  
changing a t t i t u d e s  which w i l l  be r e f l e c t e d  i n  changing l i f e  s t y l e s .  

Two archetype s c e n a r i o s  a r e  descr ibed  below ( s e e  Box 2 ) ,  The World of I n t e r n a l  
Cont rad ic t ions  (WIC) and Business  Expands (BE). Growth, i n  t h e  sense o f  increas ing  
added value from man's a c t i v i t y ,  can be seen  as a n a t u r a l  phenomenon i n  human 
soc ie ty .  The WIG and BE s c e n a r i o s  d i f f e r  i n  t h e  e x t e n t  t o  which t h e  b a r r i e r s  t o  
growth are removed or i n s t i t u t i o n a l i s e d .  
no world wars, and assume t h a t  t h e  balance of  power between Eas t  and West is not 
s e r i o u s l y  d is rupted .  

Both s c e n a r i o s  a r e  ca tas t rophe- f ree  i.e. 
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BOX 2 - A WORLD OF INTERNAL CONTRADICTIONS BUSINESS EXPANDS 

- A world which f a i l s  t o  l i b e r a t e  
t h e  forces  making f o r  growth 

- Systems p r o l i f e r a t e  and decay, 
a l i e n a t i o n  is widespread 

- Greater  government i n t e r v e n t i o n  
i n  t h e  market economy 

- Diversion of  resources  t o  non- 
marketed s e c t o r s .  Low commit- 
ment of r i s k  c a p i t a l  

- Low growth o f  i n t e r n a t i o n a l  
t r a d e  ( p r o t e c t  ionism) 

- Strong move towards f u r t h e r  
e g a l i t a r i a n i s m  

- Barriers t o  growth removed 

- Systems performance improved, 
a l i e n a t i o n  mi t iga ted  

- Reached by r e a c t i o n  a g a i n s t  
low growth 

The Condit ion 

- E f f e c t i v e  p o l i t i c a l  l e a d e r s h i p  

- Governments understand and f o s t e r  
t h e  process  o f  wealth c r e a t i o n  

- Strong links i n t o  t h e  i n t e r n a t i o n a l  
t r a d e  system 

- GDP growth 2.6 - 3.0% - GDP growth 4 - 4.5% 

We can g e t  some i d e a  o f  how demand f o r  energy might develop by quant i fy ing  
One way of  doing t h i s  would be simply t o  look how demand t h e  archetype scenar ios .  

has  increased  with economic growth i n  t h e  p a s t  and t o  p r o j e c t  t h i s ,  or a s u b j e c t i v e l y  
modified r e l a t i o n s h i p ,  i n t o  t h e  fu ture .  Such type  of ana lyses  quick ly  i n d i c a t e s  
t h a t  demand f o r  energy,  and f o r  o i l  i n  p a r t i c u l a r ,  w i l l  grow t o  exceed a v a i l a b l e  
supply - t o  r e s u l t  i n  a gap or t h e  next  crunch - any time from t h e  e a r l y  80's 
onwards, depending on t h e  economic growth r a t e s  chosen. But such an a n a l y s i s  is 
f a r  too  s i m p l i s t i c .  
was e s t a b l i s h e d  over  a long  per iod  o f  abundant, low-priced o i l .  The o i l  p r i c e  h ike  
i n  1973/74 was enough t o  begin t o  change our way of  us ing  energy,  our a t t i t u d e s  
towards conservat ion,  s e l f - s u f f i c i e n c y  e t c .  and changes i n  o i l  p r i c e  i n  t h e  f u t u r e  
remain a key element i n  inf luenc ing  f u t u r e  demand. Hence it became c l e a r  t h a t  t h e  
price-dimension had t o  be introduced i n  t h e  energy q u a n t i f i c a t i o n  work as a c r i t i c a l  
s e p a r a t e  var iab le .  

The h i s t o r i c  r e l a t i o n s h i p  between energy and economic growth 

The p r i c e  of  a commodity is normally determined by t h e  supply/demand i n t e r p l a y ,  
i . e .  provided supply is f r e e  t o  i n c r e a s e  i n  pace with demand. I f  t h e r e  is i n t e r -  
ference with t h e  f r e e  supply/demand p l a y ,  a s  t h e r e  has  been i n  t h e  case of  o i l ,  
then  t h e  p r i c e  could be dr iven  up t o  t h e  eventua l  c o s t  o f  a l t e r n a t i v e  f u e l s .  I n  
theory ,  t h i s  upper l e v e l  should provide a new norm f o r  o i l  p r i c e s ,  b u t ,  i n  p r a c t i c e ,  
because of t h e  long lead  times necessary t o  change t h e  p a t t e r n  of energy supply,  
t h e  poin t  a t  which some consumers, o r  more p a r t i c u l a r l y  consuming c o u n t r i e s ,  w i l l  
f i n d  it d i f f i c u l t  t o  pay may well be reached e a r l i e r .  Consider ing t h e  economic 
d i s r u p t i o n  t h a t  h a s  a l ready  been caused by t h e  p r i c e  r i s e s  of  1973/74, it would 
seem t h a t  we a r e  a l ready  c lose  t o  some consumers1 a b i l i t y  t o  pay a t  c u r r e n t  p r i c e s .  
A t  t h i s  s t a g e ,  economics have been completely overtaken by p o l i t i c a l  f o r c e s  and 
t h e r e  is no economic theory t h a t  w i l l  t e l l  you what t h e  o i l  p r i c e  i s  going t o  be. 
It is a ques t ion  o f  " rea lpol i t ik" .  

There a r e  f o r c e s  pushing t h e  p r i c e  i n  both  d i r e c t i o n s  and, a s  a l e v e r  t o  
e x t r a c t  i n s i g h t ,  we can develop t h e s e  i n t o  two o i l  p r i c e  scenar ios .  Upward 
pressure  lead ing  t o  Esca la t ing  P r i c e s  i n  r e a l  terms stems, i n t e r  a l i a ,  from t h e  
i n f l u e n c e s  of those  producing c o u n t r i e s  which have, or f a c e ,  balance of  payments 
d i f f i c u l t i e s .  P a r t i c u l a r l y  those  wi th  l i m i t e d  o i l  r e s e r v e  t o  product ion  r a t i o s  
w i l l  a rgue most s t r o n g l y  t h a t  t h e  p r i c e  should e s c a l a t e  i n  r e a l  terms t o  reach 
t h e  cos t  of a l t e r n a t i v e  means of  ob ta in ing  o i l  o r  gas  (e.g. der ived  by synthes iz ing  
coa l )  a t  a not too d i s t a n t  po in t  i n  t h e  f u t u r e ,  s a y  1990. Higher o i l ,  and hence 
energy, p r i c e s  w i l l  a l s o  render  t h e  e x p l o i t a t i o n  of  t h e  g a s  r e s e r v e s ,  which most 
of  these  producers possess ,  much more a t t r a c t i v e  - such p r o j e c t s  almost invar iab ly  
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requi re  expensive l i q u e f a c t i o n ,  conversion or p i p e l i n e  p r o j e c t s  t o  del i .ver  t h e  gas 
t o  d i s t a n t  consumers. Then t h e r e  is t h e  percept ion  t h a t  most O E D  c o u n t r i e s  a re  
i n  a b e t t e r  p o s i t i o n  t o  pay f o r  o i l ;  t h e r e  i s  a genera l  b e l i e f  t h a t  U.S. imports 
w i l l  continue t o  increase  and of  course  t h e r e  can always be f u r t h e r  a c c i d e n t s  i n  
t h e  Middle Eas te rn  p o l i t i c a l  s i t u a t i o n .  These and o t h e r  f a c t o r s  would tend  t o  
push the  o i l  p r i c e  up i n  r e a l  terms,  i .e. by considerably more than  t h e  r a t e  of 
g loba l  i n f l a t i o n .  

The major f o r c e s  pushing i n  t h e  d i r e c t i o n  of  P r i c e  Moderation inc lude  t h e  
concern, p a r t i c u l a r l y  expressed by t h e  key producing country,  Saudi Arabia ,  with 
t h e  economic s t a b i l i t y  of  t h e  Ycst. Other f a c t o r s  such a s  major new o i l  
d i scover ies  o r  a b e l a t e d  success  f o r  Pres ident  C a r t e r ' s  energy p o l i c y  i n  t h e  USA 
may a l s o  have a p a r t  t o  play.  There h a s  been cons iderable  r e s t r a i n t  on t h e  par t  
of  the  producers  s i n c e  1974 so  t h a t  it would appear  t h a t ,  a t  p r e s e n t ,  we a r e  i n  
a "symbiosis" scenar io  which could keep p r i c e s  roughly a t  today ' s  l e v e l  - although 
i n f l a t i o n  c o r r e c t i o n s  could e i t h e r  over  o r  under conpensate from time t o  time. 
Whether t h i s  p r i c e  moderation s c e n a r i o  w i l l  p r e v a i l  is f a r  from c e r t a i n  and depends 
i n t e r a l i a  on f u t u r e  g e o p o l i t i c a l  developments. Our purpose f o r  developing these 
c o n t r a s t i n g ,  e s s e n t i a l l y  p o l i t i c a l l y  based, archetype p r i c e  s c e n a r i o s  was a s  a 
t o o l  t o  increase  t h e  understanding o f  t h e  i n t e r a c t i o n  with the  o t h e r  scenar io  
parameters  (descr ibed  above) i n  t h e  energy supply and demand f i e l d .  

Exploratory Scenar ios  f o r  E n e r a  - combining t h e  important v a r i a b l e s  from t h e  
archetype scenar ios .  

It is c l e a r  t h a t  t h e  r e l a t i o n s h i p  between economic growth and t h e  amount of 
energy needed t o  f u e l  t h a t  growth can  change i n  t h e  f u t u r e ,  but  t o  g e t  an idea of 
by how much and i n  what ways it may change we need t o  t a k e  a d e t a i l e d  look a t  the  
markets - the  end u s e s  f o r  energy. S i m i l a r l y ,  one can use the  p r i c e  scenar ios  t o  
t e s t  f o r  t h e  p r i c e  s e n s i t i v i t y  of  demand, but  p r i c e  e l a s t i c i t y  i s  an u n r e l i a b l e  
concept and we have not  found any r e a l l y  worthwhile s tudy  t h a t  we could use with 
confidence. Ivo s h o r t  c u t ,  us ing  f o r  example ex-ante assumptions about changing 
income and p r i c e  e l a s t i c i t y  of demand f o r  energy, appeared s a t i s f a c t o r y .  Thus 
we were dr iven  t o  t h e  conclusion t h a t  a d e t a i l e d  market breakdown coupled with 
s u b j e c t i v e  judgement on how each w i l l  be a f f e c t e d  by h igher  p r i c e s  was needed. 
We had t o  a s s e s s  how consumers w i l l  r e a c t  t o  p r i c e s  under t h e  d i f f e r e n t  economic 
scenar ios  and, more impor tan t ly ,  how governments w i l l  r e a c t .  "his is because 
t h e  p r i v a t e  consumer (micro) r e a c t i o n  i s  o f t e n  i n s u f f i c i e n t  i n  view o f  t h e  na t iona l  
(macro) problem c r e a t e d  i n  balance o f  payments terms a s  a r e s u l t  of  an o i l  p r ice  
increase.  For example, an i n c r e a s e  o f  one d o l l a r  i n  t h e  p r i c e  of  a b a r r e l  of 
crude o i l  can be very s e r i o u s  i n  balance o f  payments terms,  y e t  t h e  p r i c e  of 
gaso l ine  a t  t h e  pump, i f  t h e  crude p r i c e  i n c r e a s e  were spread evenly over  t h e  
products ,  would not  go up by more t h a n  about two c e n t s  a gal lon.  

One way i n  which governments have a l ready  reac ted  t o  t h e  e a r l i e r  p r i c e  hikes  
is i n  t h e  encouragement of energy conservat ion.  
i s  u n l i k e l y  t o  use t h e  same c r i t e r i a  f o r  deciding whether or not t o  implement 
energy-saving methods. 
only way t o  manage t h e  assessment o f  j u s t  how much conservat ion and s u b s t i t u t i o n  
may be achieved. 

Again, the  i n d i v i d u a l  consumer 

A d e t a i l e d  market breakdown approach turned  out  t o  be the 

F o s s i l  f u e l  resources ,  a s  shown i n  F igure  1 which looks a b i t  l i k e  p l a n e t s  i n  
t h e  s o l a r  system, appear  more than  adequate  b u t ,  t o  come down t o  e a r t h  aga in ,  there  
a r e  economic, s o c i e t a l  and g e o p o l i t i c a l  problems t o  be overcome i f  shor tages  a re  t o  
be avoided. 
we s h a l l  r e t u r n  t o  t h e s e  below, but  each o f  t h e  "big three"  f o s s i l  f u e l  a l t e r n a t i v e s  
a l s o  has  i t s  problems. There i s  a g r e a t  d e a l  of  gas  around, but  most of  i t  is i n  
t h e  wrong p lace  - a long  way from t h e  market. S i m i l a r l y ,  t h e r e  i s  p l e n t y  of  coal  
but  genera l  avers ion  t o  d i g  it out  and re luc tance  t o  burn it .  The importance of 
t h e  p o t e n t i a l  r o l e  o f  t a r  sand and more p a r t i c u l a r l y ,  s h a l e  o i l ,  i n  t h e  i n t e r -  
na t iona l  energy contex t  has  been exaggerated. 

The warnings of a world r a p i d l y  running out  o f  o i l  a r e  wel l  known and 
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n.b. The size of the circles should be taken as indicative only of the order 
of magnitude of hydrocarbon resources. 
o i l ,  insufficient exploration has been carried out to define the size of 
the resources base accurately and the technologies for exploiting the 
reserves are not yet fully developed. 

With the exception of conventional 
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If one looks ou t s ide  t h e  carbon-based, f o s s i l  f u e l s  spectrum nuclear  energy 
is, of course,  very  important ,  but gene ra l ly  most unpopular. 
where a phantom scena r io  can be use fu l .  
Disappointment i n  1975 t o  ana lyse  the  e f f e c t s  of a major slowdown of such 
magnitude t h a t  at t h e  time it was cons idered  h igh ly  u n l i k e l y ,  bu t  would, of course,  
have a major impact on the  world energy s i t u a t i o n .  
i n t roduc t ion  of nuc lea r  power would have r e s u l t e d  from t h e  l a c k  of consensus over 
t h e  complex s e t  of t e c h n i c a l ,  economic and s o c i o / p o l i t i c a l  i s s u e s  surrounding it. 

Th i s  is an  a r e a  
We developed a scena r io  c a l l e d  Nuclear 

Such slowdown i n  t h e  r a t e  of 

So la r  energy and its d e r i v a t i v e s ,  wind, waves, biomass, e t c .  a r e  s u p e r f i c i a l l y  
a t t r a c t i v e  because of t h e i r  abundance, renewable na tu re  and f a m i l i a r i t y .  The 
problems a r i s e  from t h e i r  i n t e r m i t t e n t ,  d i f f u s e  and sometimes unpredic tab le  
c h a r a c t e r i s t i c s .  It is  t o o  e a r l y  t o  say  which of t h e  many a l t e r n a t i v e s  w i l l  
u l t ima te ly  prove success fu l  and become s i g n i f i c a n t  but  a l l  a r e  l i k e l y  t o  make some 
con t r ibu t ion  depending on l o c a l  condi t ions.  

A t  t h e  1977 World Energy Conference,  a Delphi exe rc i se  put t h e  u l t ima te ly  
recoverable world crude o i l  resource  base a t  about 2 x 1012 b a r r e l s .  About three-  
qua r t e r s  o f  t h i s  t o t a l  is thought t o  be ou t s ide  Communist a r e a s  (WWA) and i f  t h i s  
w a s  developed a t  t h e  f a s t e s t  t e c h n i c a l l y  f e a s i b l e  r a t e ,  p roduct ion  would peak i n  
t h e  90's and then start t o  dec l ine  (Figure 2). 
coun t r i e s  have many o the r  cons ide ra t ions  and they  w i l l  undoubtedly choose t o  develop 
t h e i r  resources  a t  a slower r a t e .  Analys is  of t h e  product ion  p r o f i l e s  f o r  individual  
coun t r i e s  sugges ts  t h a t  t h e  maximum accep tab le  l e v e l  of product ion  w i l l  be consider- 
ab ly  lower than  the  t echn ica l  c e i l i n g  r e s u l t i n g  i n  a f l a t t e r  p r o f i l e  of what we 
c a l l  "The O i l  Mountain". 
so tha t  l i q u i d  f u e l s ,  even from convent iona l  sources ,  w i l l  be wi th  u s  f o r  many 
decades t o  come. The r e a l  p o i n t ,  and t h e  reason  f o r  t h e  debate about t h e  next 
energy crunch, is t h a t  t he  demand f o r  o i l  is l i k e l y  t o  be cons t ra ined  by ava i l ab le  
supply wi th in  t h e  next  20 y e a r s ,  a s  we s h a l l  d i scuss  below. 

We a l s o  know t h a t  t h e  oil-producing 

iyevertheless,  t h e r e  is still  s i g n i f i c a n t  growth ahead, 

There a r e  c r i t i c s  o f  t h e  o i l  i ndus t ry  who t h i n k  t h i s  p i c t u r e  is ove r ly  
pes s imis t i c  and t h a t  t h e r e  may be f a r  more o i l  t o  be found than  has  been assumed. 
It is c e r t a i n l y  t r u e  t h a t  t h e r e  a r e  v a s t  r e s e r v e s  of low-grade o i l  i n  t h e  form of 
tar-sands,  o i l  s h a l e  e t c .  (Figure 1) which a r e  only  now beginning t o  be developed 
and there  w i l l  undoubtedly be f u r t h e r  d i scove r i e s  of convent iona l  o i l  a s  wel l  a s  
improvements i n  recovery techniques  from known re se rves .  The p r o f i l e  i n  Figure 2 
r equ i r e s  approximately h a l f  t h e  o i l  produced i n  t h e  yea r  2000 t o  come from such 
"new" sources .  This  assumes t h a t  t he  huge c a p i t a l  needed can be made a v a i l a b l e  
and tha t  t h e  a s soc ia t ed  t e c h n i c a l  and environmental  problems can be solved. 
However, t h e  ivorth Sea o i l  f i e l d s  have taken  over 10 y e a r s  t o  b r i n g  t o  present  
l e v e l s  and the  next o i l  p rovince  might be i n  even more h o s t i l e  t e r r i t o r i e s  
r equ i r ing  longer  t o  develop. So even i f  t h e r e  is a l o t  more o i l ,  it is not 
going t o  change t h e  e a r l y  p a r t  o f  t h e  product ion  p r o f i l e  very much, but  could 
ex tend  t h e  p l a t eau  i n  F igure  2. 
may be adequate but  money, t echn ica l  s k i l l s  and t ime may not be. 

The Next O i l  Crisis - A Mirage? 

The resource  base ( inc lud ing  unconventional o i l )  

When we compare the  o i l  demand f i g u r e s  obta ined  by quant i fy ing  the  
exp lo ra to ry  s c e n a r i o s  wi th  the  r e source  base (Figure 2) some i n t e r e s t i n g  response 
s i t u a t i o n s  a r e  revealed.  
e s c a l a t i n g  o i l  p r i c e s  i n  a low growth world (WIC) because we found t h a t  t he  
r e s u l t i n g  r educ t ion  i n  o i l  o f f t a k e  was such t h a t  i t  would not seem t o  be i n  OPEC's 
i n t e r e s t  t o  follow t h i s  rou te .  On t h e  o the r  hand, a low growth world coupled with 
p r i c e s  which a r e  approximately cons t an t  o r  r i s i n g  only  slowly i n  r e a l  terms - 
p r i c e  moderation - appears  a t  f i r s t  s i g h t  t o  be a p e r f e c t l y  t enab le  one. O i l  
c o n s t r a i n t s  could,  i n  theory,  be avoided f o r  t h e  r e s t  o f  t h i s  century,  even though 
t h e  t h r e a t  of impending c r i s i s  mignt s t a y  wi th  us. 
c r i s i s  which s t a y s  on t h e  hor izon  but  recedes a s  it is  approached, could r e s u l t  i f  
low economic growth a l lows  t ime fo r  some e f f i c i e n c y  improvements t o  be made and for  
a l t e r n a t i v e s  and new o i l  t o  be brought on stream. 

For example, we can put a low p r o b a b i l i t y  on r ap id ly  

,Tnis mirage eTTeoi,  l .e. B 

A s  an i l l u s t r a t i o n  o f  t he  physical  
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e f f o r t  r equ i r ed  by t h e  yea r  2000, even i n  t h i s  low growth scena r io ,  i t  is 
i n t e r e s t i n g  t o  note  t h a t  one is t a l k i n g  about some a d d i t i o n a l :  

- 700 Nuclear Power S t a t i o n s  

- 650 Coal Mines 
- 
- 

60 L ique f i ed  Natura l  G a s  P r o j e c t s  or  similar developments 

7 O i l  f i e l d s  o f  N i g e r i a ' s  s i z e  p l u s  a roughly equiva len t  amount 
of new supplementary recovery from e x i s t i n g  reserves .  

1% Energy conse rva t ion  r e l a t i v e  t o  1973 consumption pe r  u n i t  - 
of  economic a c t i v i t y  

Natura l ly  t h e  above i s  of a n  i l l u s t r a t i v e  na tu re  only but it is important t o  
r e a l i s e  t h a t  l e a d  t imes a r e  long  ( ranging  from say  5 t o  1 2  years)  and t h a t  a 
cons iderable  e f f o r t  i n  r e l a t e d  i n f r a s t r u c t u r e  w i l l  a l s o  be r equ i r ed  ( c o a l  terminals ,  
u n i t  t r a i n s ,  coa l  burn ing  equipment i n  power s t a t i o n s ,  t o  mention but  a few). 
Figure 3 i l l u s t r a t e s  what would happen i f  no a c t i o n  were taken  i n  t h e  f i e l d  of 
non-oil  energy and t h e  sav ings  assumed i n  t h e  WIC scenario.  Whilst it is  
phys ica l ly  poss ib l e  t o  develop new energy supp l i e s  and t o  achieve the  e f f i c i e n c y  
improvements a prolonged per iod  o f  low growth would not be the  bes t  environment 
from which , the  necessary  investment dec i s ions  could be taken  and might give us  
o t h e r ,  perhaps more s e r i o u s ,  d i f f i c u l t i e s  t o  cope with. 

The Energy Outlook - Some Conclusions 

The q u a n t i f i c a t i o n  o f  t h e  exp lo ra to ry  scena r ios  was c a r r i e d  out  by a de t a i l ed  
The a n a l y s i s  has  shown t h a t ,  end-use a n a l y s i s  of t he  va r ious  energy-using sec to r s .  

under a l l  s cena r ios ,  f u t u r e  demand f o r  energy is l i k e l y  t o  grow more slowly than 
i n  the pas t .  
major reasons  f o r  t h i s :  lower economic growth, s t r u c t u r a l  changes and s a t u r a t i o n  
e f f e c t s  i n  t h e  developed c o u n t r i e s  and improvements i n  end-use e f f i c i ency .  
r e l a t i v e  importance of t h e s e  f a c t o r s  is i l l u s t r a t e d  wi th  the  t o t a l  energy p ro jec t ions  
i n  Figure 4. 

A r e t r o s p e c t i v e  breakdown of t h e  r e s u l t s  shows t h a t  t h e r e  a r e  three 

The 

Whilst the  energy i n t e n s i v e  primary and secondary s e c t o r s  of t h e  indus t r a l i s ed  
coun t r i e s  move towards s a t u r a t i o n ,  r e l a t i v e l y  f a s t e r  growth i n  demand can be 
expected from t h e  developing coun t r i e s .  
t i g h t l y  locked i n t o  an oil-consuming demand p a t t e r n ,  g r e a t e r  oppor tun i t i e s  might 
e x i s t  he re  f o r  e x p l o i t i n g  a l t e r n a t i v e  energy sources ,  p a r t i c u l a r l y  biomass, although 
i t  i s  unreasonable t o  sugges t  t h a t  t hey  w i l l  not r equ i r e  l a r g e  volumes of l i q u i d  
f u e l s ,  p a r t i c u l a r l y  f o r  t r a n s p o r t  and  o the r  p re fe r r ed  uses  f o r  energy l i q u i d s .  

I n  summary, t o  r e t u r n  t o  t h e  ques t ion  posed i n  t h e  in t roduc t ion ,  as we see it 

Since these  coun t r i e s  a r e  not ye t  so  

t h e  next energy crunch is  e i t h e r  go ing  t o  be a mirage o r  it might show i t s e l f  a s  
a s e r i e s  of mini c r i s e s .  The f u t u r e  remains unce r t a in ,  the outcome remains scenario 
dependent, but  t hen ,  a s  we s a i d ,  s cena r ios  c a r r y  t h e  seeds of t h e i r  own d i scon t inu i ty  
and a re  t h e r e f o r e  l i k e l y  t o  p u l l  towards each other .  
r ap id  take-.off i n  demand is l i k e l y  t o  be followed by a r ap id  inc rease  i n  t h e  pr ice  
O f  o i l  which i n  t u r n  would slow down t h e  world economy and means t h a t  t h e  world is 
i n  an economic t r a p  - it could be c a l l e d  t h e  "new economic r ea l i t y" .  

It is a near c e r t a i n t y  tha t  a 

Thus t h e  mirage r e p r e s e n t s  a r e l a t i v e l y  smooth energy f l i g h t  under a r a the r  
d u l l  and gloomy (economic) sky. The mini c r i s e s  seem l i k e  more of a bumpy r i d e ,  
?.e. pe r iods  of sunshine (economic growth) followed by thunderstorms ( o i l  p r i ce  
inc reases  i n  r e a l  terms) .  Na tu ra l ly ,  a p o l i t i c a l  upse t  i n  t h e  Middle East  could 
d i s t u r b  t h e  d e l i c a t e l y  balanced o i l  supply and demand equat ion  a t  any time. 
sudden drop i n  t h e  supply c e i l i n g  as  a r e s u l t  o f  such a g e o p o l i t i c a l  s cena r io  is 
hard  t o  p l an  f o r  but t h e  emergency sha r ing  scheme o f  t h e  I n t e r n a t i o n a l  Energy 
Agency has  been designed t o  cope w i t h  such a contingency. 
t o  i l l u s t r a t e  t hese  scena r io  conclus ions .  

A 

Figure 5 is an a t t e m p t  

To end wi th  A r i s t o t l e  aga in ,  which seems appos i t e ,  "knowledge sp r ings  from 
amazement, and amazement comes from an apprec ia t ion  o f  cont rad ic t ions" .  
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